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© Ceramics-coated heat resisting alloy member. 



© A ceramic-coated heat resisting alloy member comprises a base metal (2) mainly composed of at least one 
of nickel, cobalt and iron; a mixture iayer (4) which is deposited on the external surface of the base metal (2) and 
which comprises a ceramics and a metal; an alloy layer (3) which is formed between the mixture layer (4) and a 
ceramic coating layer (1) formed as an outermost layer and which comprises an alloy material exhibiting 
excellent resistance to high temperature oxidation and excellent resistance to high temperature corrosion. It Is 
therefore possible to prevent any high temperature oxidation and high temperature corrosion of the mixture layer 

f^(4) and to enable the mixture layer (4) to have a satisfactory function of reducing the thermal stress produced 

^between the ceramic coating layer (1) and the base metal (2). The ceramic coating (1) thus has a satisfactory 
thermal barrier effect on the base metal (2). In addition, it is therefore possible to provide the ceramic-coated 

gjheat resisting alloy member as a useful structural member for improving the power efficiency of gas turbine 

ps plants used for power generation. F I G .3 
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CERAMICS-COATED HEAT RESISTING ALLOY MEMBER 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

S The present invention relates to a heat resistant alloy member which is used at high temperatures or in 
corrosive environments at high temperatures. 

w 2. DESCRIPTION OF THE PRIOR ART 

Techniques for improving the heat resisting property of structural members of gas turbines operated by 
high temperature gas have been investigated with a view for Improving the thermal efficiency o gas turtle 
jLrSons. T?e establishment of the above-mentioned techniques is necessary for coal gM 
power stations having higher cost of fuel in order to enhance its economical* "22^ n S2.t 
other kind of power stations. There is therefore a demand for improved heat res.st.ng aHoy members .n 
oTde to cope with the intention to increase the gas temperatures for gas turbine power M»M 
method of providing members with heat resistance at higher temperatures .s to develop new materials fo 
Terming such members. Among various types of metal materials. Ni or Co-based alloys have he^resis ant 
temperatures of about 850* C. On the other hand, ceramics have a sufficient heat res.st.ng p operty to high 
temperatures but invoive certain probiems with respect to their toughness and so «u i P"*^*" 
are used in moving blades which serves as high-speed rotors. Thus another meth f *J^^ 
technique for improving a heat resisting property is to prevent any increase tak,ng place ,n tf.e tempore 
of the relevant members. An example of this method is the comb.nat.on of coohng membe « ; and coatrng 
members with ceramics having a low degree of thermal conductivity. Such a coatrng .s called a the™ 
barrier coating (referred to as "TBC" hereinafter). TBC comprises a base metal composed of a heat 
Sna Z and a coating of ceramics having physical properties which are different in numencd value 
me b^ An important technicai problem of TBC is thus to reduce thermal s^n 
and thermal stress produced owing to the difference in the numerical values of *e phys.cal p opertes 
beteenTe base metal and the ceramic coating. In particular, damage such as separaton or*e to may 
occur in the ceramic coating layer owing to the thermai stress based on a cychc heating from starting to 
stopping of a gas turbine. A known method of reducing thermal stress .s the method -n which an 
fntermediary layer is provided which serves to reduce the difference in thermal expansion coeffic.ent 
TZn d 7e ceramic coating iayer and the base metal composed of a heat resist! n S , a.^ Such an 
intermediary layer is disclosed in. for example. Japanese Patent Laid-Open No. 211362/1987. The 
me meS layer is generally a mixture layer comprising ceramics and a metal. Although the thermal 
Z^JXLt of such a mixture layer depends upon the mixing ratio used it » »^ <™»£ 
M the mixture layer should have a thermal expansion coefficient of a value m.dway between those ofthe 
ceram.es and the metal. When this sort of mixture layer is interposed between a cerarmc layer and a base 
metal a function of reducing thermal stress can. as a matter of course, be expected. 

o'n hand, sini the ceramic coating iayer used in TBC is mainly formed by spray r coating .t.s 
a porous substance. This porous ceramic coating layer is capable of reduc.ng thermal stress by IteeW by 
virtue o its porous structure. However, since the ceramic coating layer may be used .n conwe 
Environments at high temperatures, high temperature oxidation or high temperature <*™*™^J*» £ 
the mixture layer provided below the ceramic coating layer through the ceram.c coating layer wh. h 
consisted a porous substance. The inventors have thus conducted oxidation tests on m.xture coating 
Sera comprisfng ceramics and metais. Each of the test pieces employed was made by forming , a . ™x*re 
coating layer on a surface of a base metal and then removing the base metal to form a sample ~mpns.ng 
a mixtu e Eacn of the thus-formed test pieces was then subjected to an oxidation test under heating at 
to^' C for 1000 hours in the atmosphere. As a result, internal oxidation proceeded to a s,gn.fican ***** m 
each of the test piec s comprising mixtur s in the oxidation tests. It is thought that such .nternal oxidation 
proceed lUZti cavities pres nt at grain boundaries in the coating layers which compnses the m.xtoe of 
ceramfc powder and metal powder and which is simply formed by laminating the two types of powder by 
spray coating Such internal oxidation in a mixture layer- proceeded to a significant extent .n a ceram.c 
oSedTeS piece comprising a ceramic coating iayer. a mixture layer and a base metal. The cerarmc lay r 
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In this ceramic-coated test pi ce became separated after a high-temperature oxidation test at 100O'C for 
1000 hours. Thus the mixture layer provided for the purpose of reducing thermal stress cannot achieve the 
intend d purpose. It is thought that the separati n of the ceramic layer is caus d by the thermal stress 
newly produced in the mixture layer owing to the internal oxidation in the mixture layer itself and by a 

s reduction In the adhesion between the ceramic coating layer and the mixture layer owing to the oxidation at 
the boundary therebetween. Such a problem causes a reduction in the reliability of TBC. On the other hand, 
a th rma! barrier effect required for TBC is incr asingly improv d as th working t mperature of a gas 
turbine is raised. In other words, it is necessary to increase the thickness of the ceramic coating layer for 
the purpose of improving the thermal barrier effect. In this case, the thermal stress produced by a repeated 

70 heat load or the like is of course increased. It is therefore necessary to improve the durability of the ceramic 
coating by reducing the thermal stress produced In the ceramic coating layer owing to a repeated heat load 
or the like. 

As described above, although TBC provided with a mixture layer is provided for the purpose of 
reducing the thermal stress produced between a ceramic coating layer and a base metal, the mixture layer 
75 does not always possess a sufficient function of reducing thermal stress under high temperature conditions 
because the resistance to oxidation of the mixture layer at high temperatures is inadequate. In addition, the 
mixture layer does not always possess sufficient corrosive resistance at high temperatures. 



20 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present Invention to provide a ceramic-coated heat resisting alloy 
member which enables a mixture layer comprising ceramics and a metal to exhibit its function of reducing 
thermal stress to an adequate extent even under corrosive conditions at high temperatures, this function of 

25 the mixture layer being the primary purpose of the provision thereof. 

The present invention provides a ceramic-coated heat resisting alloy member comprising a heat 
resisting alloy base metal, a mixture layer which comprises ceramics and a metal and which is deposited 
on the external surface of the base metal, and a ceramic coating layer which is deposited on the mixture 
layer, the alloy member being characterized in that an alloy layer comprising an alloy material which is * 

30 superior to the base metal with respect to its resistance to high temperature oxidation and resistance to \& 
high temperature corrosion is provided on the outside of the mixture layer. 

The alloy layer has the function of protecting the mixture layer from oxidation and corrosion which 
proceed at high temperatures through the porous ceramic coating layer. That is, since the mixture layer 
comprises a mixture of ceramic grains and metal grains and has a thermal expansion coefficient of a value 

35 midway between those of the ceramics and the metal, it has the function of reducing the thermal strain « 
produced between the ceramic coating layer and the heat resisting alloy base metal and the thermalstress *r* 
produced owing to this strain. Since the mixture layer does not possess a sufficient degree of resistance to 
high, temperature oxidation and or high temperature corrosion because cavities are present at the -grain 
boundaries, however, the outside portion of the mixture layer is protected by the alloy layer provided 

40 between the mixture layer and the ceramic coating layer, whereby high temperature oxidation and high 
temperature corrosion are prevented. The mixture layer consequently remains stable even under conditions 
of high temperature oxidation and high temperature corrosion and is thus able to satisfactorily exhibit its 
primary function of reducing the thermal stress between the ceramic coating layer and the heat resisting 
alloy base metal. 

45 Examples of ceramics used in the present invention include ceramics containing Zr02 as a main 
component and Y 2 Oa, MgO or CaO which is added thereto. The composition of the ceramics is at least one 
of 2r0 2 and 4 to 20 wt% of Y 2 0 3 , Zr0 2 and 4 to 8 wt% of CaO and Zr0 2 and 4 to 24 wt% of MgO. Spray 
coating powders of Zr0 2 -based ceramics having such a composition are produced by grinding and sizing 
Zr0 2 -based ceramics containing Y 2 03, CaO or MgO which is formed by an electric melting method or a 

50 calcination method, each powder containing the above-described additive. 

Each of materials used for forming alloy layers contains at least one of Ni and Co as a main 
component, 13 to 40 wt% of Cr, 5 to 20 wt% of A1 and a total content of 0.1 to 3 wt% of at least one of Hf, 
Ta, Y, Si and Zr. Alloys having such a composition has excellent resistance to high temperature oxidation 
and resistance to high temperature corrosion. 

55 in addition, heat resisting alloy base metals are super alloys having a composition comprising Ni as a 
main component. 7 to 20 wt% of Cr, 1 to 8 wt% of at least one of Ti and A1 and Ta. Nb, W, Mo or Co, e.g., 
IN-738 (produced by Inconel Corp.) comprising Ni, 16% Cr, 8.5% Co, 3.4% A1, 3.4% Ti, 2.6% W, 1.7% 
Mo, 1.7% Ta. 0.9% Nb and 0.1% Zr, or a composition comprising Co as a main component, 25 to 35 wt% 
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of Cr and Ni and W. e.g.. FSX-414 (produced by GE Corp.) comprising Co, 30% Cr. 10% Nl, 2.0% Fe and 
T 0% W 

The"ceramic-coated heat resisting alloy member in accordance with the present invention exhibits an 
improved level of durability as compared with conventional alloy members, and the durability does not 
s deteriorate even if the thickness of the ceramic coating level is increased. The heat resisting alloy member 
therefore makes a significant contribution to the inhibition of any increase in the temperature of the heat 

resisting alloy base metal. . .. 

When the alloy layer is interposed between the ceramic coating layer and the mixture layer, as well as 
an oxide layer mainly composed of A1 being formed at the boundary between the alloy layer and the 
,o ceramic coating layer, the same effect as that described above can be obtained, and the adhesion between 
the ceramic coating layer and the alloy layer is improved. Thus the level of durability can be rna.nta.ned 
even if the thickness of the ceramic coating layer is increased for the purpose of improving the thermal 

barr, The object, advantages and novel characteristics of the present invention are described in detail below 
rs with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

ao Fig. 1 is a schematic sectional view of an embodiment of the ceramic-coated heat resisting alloy 

member in accordance with the present invention; .^^u^ 
Figs. 2. 3, 4 are respectively schematic sectional views of other embodiments of the ceramic-coated 
heat resisting alloy member in accordance with the present invention; and 

Figs. 5 and 6 are respectively schematic sectional views of conventional ceramic-coated heat 
ss resisting alloy members. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

so The present invention is described in detail below with reference to embodiments. 

Fiq 1 is a schematic sectional drawing of a ceramic-coated heat resisting alloy member in an 
embodiment of the present invention. Figs. 5 and 6 are respectively schematic sectional views _of 
conventional ceramic-coated heat resisting alloy members. In each of Rgs. 1. 5 and S. reference numeral 1 
denotes a ceramic coating layer; reference numeral 2. a heat resisting alloy base metal; reference numeral 
3 an alloy layer comprising an alloy exhibiting resistance to high temperature ox.dat.on and resistance to 
high temperature corrosion which are superior to the resistance of the base metal; and reference numeral J h 
a mixture layer comprising the above-described alloy and ceramics. The matenal comprising the i ceramic 
coating layer 1 is a Zr0 2 -type ceramics which is composed of Zr0 2 as a main component and Y 2 0 3 . MgO 
CaO and so on as additional components. The material comprising the alloy layer 3 is composed of at least 
one of Co and Ni. Cr and Al and at least one of Hf. Ta. Y. Si and Zr. The mixture layer 4 compnses a 
mixture containing Zr0 2 -type ceramics and the alloy material. In the embodiment of 1 he 
shown in Fig. 1. the two alloy layers 3 may comprise the same alloy or alloys composed of different 
components. The method of forming each of the layers Is not particularly limited, but a plasma spray 
coating method is preferable from the viewpoint of the high material deposition vek>crties and the good 
workability. An electron beam vacuum evaporation method or a sputtering method may be used as a 
method of forming a coating layer such as an alloy layer or the like with a relatively small thickness. 

Example 1 

An Nl-based alloy IN-738 was used as a base metal, and a surface thereof was then degreased and 
then subjected to blasting using an alumina grit. An alloy layer was then formed on ^the base metal by 
plasma spray coating using an alloy material comprising 32 % by weight of Ni. 21% by weight of Cr. 8% 
by weight of Al. 0.5% by weight of Y and the balance composed of Co. The plasma spray coatong was 
performed at pressure of 200 Torr in an atmosphere of Ar. The power of plasma was 40 kW. The alloy layer 
formed under these conditions had a thickness of 0.1 mm. A mixture comprising a ceram.c powder 
containing ZrOa and 8% by weight of Y 2 0 3 and alloy powder having the above-d scnbed composition was 
then spray-coated on the alloy layer formed. The mixing ratio between the metal and ceram.c power was 2 : 



35 



40 



45 



50 



55 



4 



EP 0 340 791 A2 



1. The conditions of spray coating were the same as those employed in the formation of the alloy layer. In 
this way, a mixture layer comprising the mixture of ceramics and a metal was formed on th alloy layer. 
The thickness of the mixture layer was 0.02 to 0.6 mm. An alloy powder having the above-described 
composition was then spray-coated on the mixture lay r under the same conditions as those employed in 

5 the formation of the alloy layer to form an alloy layer having a thickness of 0.02 to 0.6 mm. A powder 
comprising Zr02 and 8% by weight of Y2O3 was further spray-coated on the alloy layer formed. The spray 
coating was performed with a plasma power of 50 kW in the atmosphere. The thickness of the coating layer 
comprising Zr0 2 and 8% by weight of Y 2 0 3 was 0.3 to 1.2 mm. Heating treatment was then effected at 
1120* C for 2 hours under vacuum so that the base metal and the aJloy layer in contact with the base metal 

to were subjected to diffusion treatment. 

Conventional TBC test pieces comprising a base metal, an alloy layer and a ceramic coating layer and 
comprising a base metal, an alloy layer, a mixture layer and a ceramic coating layer were also produced for 
the purpose of comparison. The production conditions and coating material used were the same as those of 
the TBC test pieces of the present invention. Each of the test pieces had a size of 20 mm x 70 mm x 3 

is mm. 

Table 1 shows the results of repeated load tests conducted for the ceramic-coated test pieces of the 
present invention and conventional ceramic-coated test pieces which were formed for the purpose of 
comparison. In Table 1, Sample Nos. 1 and 8 concern the conventional ceramic-coated test pieces and 
Sample Nos. 9 to 23 concern the ceramic-coated test pieces of the present invention. Each of the repeated 
20 heat load tests was performed by repeatedly heating and cooling between 170*C and 1000* C, and 
evaluation was conducted by examining the presence of damage in each of the ceramic-coated test pieces. 
The thickness of the ceramic coating layers in each of the ceramic-coated test pieces of the present 
invention is preferably 1.0 mm or less. 
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Table 1 



Results of Rep ated Heat Load Tests 



Sample 
No. 


Thickness of (mm) 


• 


N* 




Ceramic 
layer 


Alloy 
layer 1 


Mixture 
layer 


Alloy 
layer II 




1 


0.3 






0.1 j 


500 


2 


0.4 






0.1 | 


250 


3 


0.6 






0.1 | 


70 


4 


0.4 






0.05 I 


230 


5 


0.4 




0.2 


0.1 | 


90 


6 


0.6 






0.1 j 


45 


7 


0.8 




0.2 


0.1 | 


25 


8 


0.4 




n a 


0.1 J 


-4 OA 

120 


9 


0.4 


0.1 


XJ.d. 


0.1 J 


1250 


10 


0.6 


0.1 


U.<£ 


0.1 


SOU 


11 


0.8 


0.1 




0.1 


/ OU 


12 


1.0 


0.1 




0.1 


DUU 


13 


1.2 


0.1 




0.1 


1 vJD 


14 


A A 

0.4 




0.2 


0.1 


1 nen 

1 250 


15 


0.4 


0.03 


0.2 


0.1 


900 


16 


0.4 


0.3 


0,2 


0.1 


1 1200 


17 


0.4 


0.5 


0.2 


0.1 


800 


18 


0,4 


0.6 


0.2 


0.1 


160 


19 


0.4 


0.1 


0.02 


0.1 


270 


20 


0.4 


0.1 


0.03 


0.1 


950 


21 


0.4 


0.1 


0.3 


0.1 


1100 


22 


0.4 


0.1 


0.5 


0.1 


850 


?3 


0.4 


0.1 


| 0.6 


0.1 


200 



coating 



is a tendency M *e durability of a teetp ieceto «g- « Si ' E 

thickness of the ceramic coating layer .s more than 1 mm. u Sarnie coating layer 1 and the 
thickness of the alloy layer (the alloy layer I that the durability 

mixture layer 4 is preferably within me range ^Wmte of the above-described 

to the repeated heat load test deteriorates i to M>« *J*J Jjj * 0 , „ smafl> ^ alloy 
range, as in Sample Nos. 14 and 18 shown m Table 1. »^ ckne ^^^ J J ^ ceramic coating 
,ayer is unsatisfactory as a layer or preventing ^^^sUeTe a.^ layer itself functions as a 
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in Table 1, the durability to the repeated heat load test deteriorat s. When the thickness of th mixture layer 
is small, the mixture layer has an unsatisfactory function of reducing thermal stress. While when the 
thickness of the mixture layer is large, the mixture layer itself has a relatively low level of strength, as 
compared with th ail y layer and so on. and Is thus br k n owing to the thermal stress produced by the 

6 increase in the thickness of the mixture layer. The thickness of the alloy layer II shown in Table 1 is not 
particularly limited, but it is preferably within th range of 0.03 to 0.5 mm. The reason for this is the same 
as the alloy layer I shown in Table 1. 

The mixing ratio between the ceramics and the metal in the mixture layer is not particularly limited. The 
mixing ratio of the metal to the ceramics in each of the mixture layers shown in Table 1 is 2/1 When the 

to inventors have investigated mixture layers with other mixing ratios, the results obtained with the other 
mixing ratios were substantially the same as those shown in Table 1. Investigations have also been made 
on mixture layers in which a mixing ratio was gradually changed from a high ratio of metal to a high ratio of 
ceramics. The effect was not so clear and was substantially the same as that obtained by the provision of a 
mixing layer with a uniform mixing ratio. 

is After each of the test pieces had been subjected to. the high temperature oxidation test, it was 
subjected to a repeated heat load test which was the same as that described above. The temperature of the 
high temperature oxidation test was 1000* C, and the oxidation time was 500 hours. As a result, the ceramic 
coating layer of each of the ceramic-coated test pieces of Sample Nos. 5 to 8 shown in Table 1 was 
damaged and separated. On the other hand, as a result of repeated heat load tests of the other test pieces. 

20 each of the test pieces of Sample Nos. 1 to 4 exhibited a number of the times of heat load tests repeated 
until damage occurred which was reduced by 20 to 40 % and thus exhibited deteriorated durability. While 
the ceramic-coated test pieces shown in Table 1 within the range of the present invention exhibited 
substantially the same results as those shown in Table 1. It was also observed that some of the test pieces 
within the range of the present invention exhibited increased numbers of the times of tests repeated until 

25 damage occurred. 

Each of the test pieces was then subjected to a high temperature corrosion test using a molten salt 
coating method. The test was conducted by a method in which a molten salt comprising 25% NaCI and 
75% NaaSOi was coated on each of the test pieces which was then heated at 850 * 0 for 300 hours in the 
atmosphere. Each of the test pieces was then subjected to the repeated heat lead test which was the same 

30 as that described above. As a result, the ceramic coating of each of the test pieces of Sample Nos. 5 to 8 
shown in Table 1 was damaged after the high temperature corrosion test. The results of the repeated heat 
load tests showed that each of the test pieces of Sample Nos. 5 to 8 exhibited a number of the times of 
tests repeated until damage occurred in the ceramic coating which was reduced by 20 to 40%, and thus 
exhibited slightly deteriorated durability. While the test pieces shown in Table 1 within the range of the 

36 present invention exhibited a number of the times of the tests repeated until damage occurred in the 
ceramic coatings which were the substantially the same as the results shown in Table 1 and particularly no 
deterioration in the durability thereof. 

Figs. 2, 3 and 4 respectively show other embodiments of the present invention. In each of the 
embodiments, reference numeral 1 denotes a ceramic coating layen reference numeral 2, a base metal; 

40 reference numeral 3, an alloy layer; reference numeral 4, a mixture layer; and a reference numeral 5, an 
oxide layer mainly composed of Al. 

In each of the embodiments shown in Figs. 2 an 4, the oxide layer mainly composed of Al can be 
formed by heat treatment of the ceramic coated alloy member. The heat treatment is preferably carried out 
in the atmosphere under such conditions that the temperature Is within the range of 600 to 1200* C and the 

45 time is 1 to 200 hours. The thickness of each oxide layer is preferably 0.1 urn to 20 urn. If the oxide layer 
is thin, the oxide layer exhibits a reduced level of the effect, while if the oxide layer is thick, the oxide layer 
itself newly produces thermal stress. In each of Rgs. 3 and 4, the embodiment has a structure in which the 
mixture layer directly contacts with the base metal. In the ceramic coating of the present invention, since 
the thermal stress reducing function of the mixture layer is stably maintained under the conditions of high 

so temperature oxidation or high temperature corrosion, there is no particular problem even if no alloy layer Is 
interposed between the mixture layer and the base metal. 

Although the method of producing the alloy layer in any of the above-described ceramic-coated heat 
resisting alloy member of the present invention is not particularly limited, it is preferably to use plasma 
spray coating at a pressure which is reduced to a value below the atmospheric pressure in an atmosphere 

55 which comprises a shield gas or an inert gas. The method of producing the mixture layer Of ceramics and a 
metal is the sam as that above described. In th case of the alloy layer formed by plasma spray coating in 
an atmosphere at a reduced pressure, the alloy powder used is not easily oxidized during spray coating, 
and thus the alloy layer formed Is a coating layer having a dense structure in which no contaminants such 
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70 



15 



as oxide coating is mixed. In the mixture layer, the alloy powder comprising th mixture layer is not easily 
oxidized, and thus the metal portion in the mixture layer is a coating layer havmg no contammants such as 

the oxide coating mixed therein. 

in addition, when ach of the embodiments of the ceramic-coated heat res.st.ng alloy member of th 
present invention shown in Figs. 1 and 3 is used for a long period under condftions o h,gh tempore 
oxidation, an oxide layer mainly composed of A1 is formed at the boundary between the ceram.c coat.ng 

'^Ardercrib^aKve. in each of conventional known ceramic-coated members, the mixture layer itself 
which comprises a mixture of a metal and ceramics is damaged and thus cannot exhibit its primary functton 
^reducing the thermal stress produced between the ceramic coating layer and the base metal under the 
conditi^s of^high temperature oxidation or high temperature corrosion. The mixture layer Reduces 
new thermal stress and thus exhibits durability which is inferior to that of a ceranmc coating provided wrthno 
mixture layer, for example, in a repeated heat load test. While. In the ceramic coatmg of the present 
invention the mixture layer exhibits its function of reducing thermal stress even at high temperature or 
under h^h temperature corrosive conditions and is thus effective to improve the durability of the = 
bating. In addition, when the thickness of the ceramic coating layer is increased, the ceramic-coated hea 
resisting alloy member formed exhibits no deterioration in its durability, as well as exh.b.tmg a h.gh level of 
heat barrier effect and high performance. 



20 



25 



30 



Example 2 

Pretreatment of an Ni-based alloy IN-738 which was used as a base metal was performed by ^the same 
method as in Example 1. and an alloy layer and a mixture layer were then formed us.ng the materials and 
mfmethod which were the same aslhose used in Example 1. The thickness of the alloy layer formed was 
?? mm and , ne thickness of the mixture layer was 0.2 mm. The mixing ratios between ^ ceram.es and 
me metals used in the mixture layers are as shown in Table 2. An alloy powder i^B*"™ 
composition as in Example 1 was then spray-coated on the mixture layers under the same cond.t.ons as 
Ze employ^ in Example 1 to form an alloy layer having a thickness of 0.1 mm. A ceram.c laye was 
STiSl. alloy layer using the materials and the method which were the same as those employed 
TaLpie 1. The thickness of the ceramic layer was 0.4 mm. Heating treatment was hen effected * 

1120* C for 2 hours under vacuum so that the base metal and the alloy layer .n contact wrth the base metal 

were subjected to diffusion treatment. 
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Table 2 Number of Times of Heat Load Tests Repeated Until 



Damage Occurs in Ceramic Coating 



0 


Mixing 














Test ratio 4 ) 


4/1 


2/1 


1/1 


1/2 


1/4 


10 


method (m/C) 














Repeated heat load test 1 ) 


1170 


1250 


1200 


1270 


1150 




Repeated heat load test 












IS 


after high temperature 
uxiudliuu tesi.2) 


1250 


1170 


1250 


1350 


1100 


20 


Repeated heat load test 












after high temperature 
corrosion test^) 


1100 


1150 


1150 


1170 


1050 



1) Repeated heat load test: 1000°C 170°C 



2) High temperature oxidation test: 1000°C, 500 hours 

(heating in the atmosphere) 

3) High temperature corrosion test: 850°C, 300 hours 

(25% NaCI + 75% Na 2 S0 4 ) 

4) M/C: a ratio by volume of the metal to ceramics 



Each of the thus-formed ceramic-coated heat resisting alloy test pieces was then subjected to the 
repeated heat load test which was the same as that described above. Table 2 shows the number of the 
times of heat load tests repeated until the ceramic coating of each of the test pieces was damaged. In the 
high temperature oxidation tests at 1000* C for 500 hours, no damage was observed in any ceramic coating 
after the oxidation tests. When the repeated heat load tests of the test pieces were conducted in the same 
way as that described above, the numbers obtained of the times of tests repeated until the ceramic 
coatings were damaged are shown In Table 2. When a molted salt comprising 25% NaCI and 75% Na2So* 
was then spray-coated on each of the test pieces which were then subjected to high temperature corrosion 
tests performed by heating in the atmosphere at 850* C for 300 hours, no damage was observed in any 
ceramic coating. When the repeated heat tests using the test pieces which had been subjected to high 
temperature corrosion tests were conducted in the same manner as that described above, the number 
obtained of the times of tests repeated until each ceramic coating was damaged are shown in Table 2. On 
the other hand, a conventional ceramic-coated test pieces formed for the purpose of comparison showed 
substantially the same results as those exhibited by Samples Nos. 1 to 8 in Table 1 . The ceramic coating of 
the present invention is therefore superior to conventional coating with respect to its resistance to high 
temperature oxidation and resistance to high temperature corrosion, as well as exhibiting excellent thermal 
durability. 



Example 3 

Pretreatment of a Ni-bas d alloy IN738 which was used as a base m tal was effected by the same 
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m «th C d as that emDloved in Example 1. An alloy layer and a mixture layer were then formed on the base 
method as that empioyeo in exa. w ' m employed in Exampl 1. The 

in Ex-note 1. ft <-* «e™ MtttnMy to. seme eo those » Bw* 1. 



Example 4 
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? -T .Sid to the durability teste*** «as conducted In the same we, as in Example 1. 

% 1 «M« the seme as that obtetoed In E«»P* , 

Example 5 

i obtained were substantially the same as those obtained In Example 1 . 



Example 6 
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Claims 

1. A ceramic-coat d heat resisting alloy m mber comprising a h at resisting alloy bas metal (2), a 
mixture layer (4) which comprises a ceramic and a m tal and which is deposited on the external surfac of 

5 said base metal (2) and a ceramic coating layer (1) which is deposited on the surface of said mixtur layer 
(4), said heat resisting alloy member being characterized by being provided with a first alloy layer (3) 
comprising an alloy material which is superior to said base metal (2) with respect to its resistance to high 
temperature oxidation and resistance to high temperature corrosion. 

2. A heat resisting alloy member according to Claim 1 further comprising an oxide layer (5) provided 
w between said first alloy layer (3) and said ceramic coating layer (1). 

3. A heat resisting alloy member according to Claim 1 or 2 further comprising a second alloy layer (3) 
which comprises an alloy material superior to said base metal (2) with respect to its resistance to high 
temperature oxidation and resistance to high temperature corrosion and which Is provided on the inside of 
said mixture layer (4). 

15 4. A heat resisting alloy member according to Claim 1, 2 or 3, wherein said ceramic coating layer (1) 
comprises a Zr02-type ceramics. 

5. A heat resisting alloy member according to Claim t , 2 or 3, wherein the ceramic material that forms 
said ceramic coating layer (1) comprises Zr02 as a main component and at least one of CaO and Y2O3. 

6. A heat resisting alloy member according to Claim 1 , 2, 3, 4 or 5, wherein the material forming said 
20 alloy layer (3) comprises at least one of cobalt and nickel as a main component, chromium and aluminum 

and at least one of hafnium, tantalum, yttrium, silicon and zirconium. 

7. A heat resisting alloy member according to Claim 1, 2, 3, 4, 5 or 6, wherein said mixture layer (4) 
comprises a mixture material containing a ceramic material composed of Zr02 as a main component and at 
least one of CaO, Y2O3 and MgO, and an alloy material composed of at least one of cobalt and nickel, 

25 chromium and aluminum and at least one of hafnium, tantalum, yttrium, silicon and zirconium. 

8. A heat resisting alloy member according to Claim 1,2,3, 4, 5, 6 or 7, wherein the thickness of said 
ceramic coating layer (1) is 0.05 to 1 .0 mm. 

9. A heat resisting alloy member according to Claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein the thickness of 
said alloy layer (3) is 0.03 to 0.5 mm. 

30 10. A heat resisting alloy member according to Claim 1, 2. 3, 4, 5, 6. 7, 8 or 9, wherein the thickness of 
said mixture layer (4) is 0.03 to 0.5 mm. 

11. A heat resisting alloy member according to Claim 2. 3, 4, 5. 6, 7, 8, 9 or 10, wherein the thickness 
of said oxide layer (5) is 0.1 to 20 urn. 

35 
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FIG.'I FIG. 2 FIG. 3 




FIG. 4 



FIG. 5 



FIG.6 



